The sources of the literature are analyzed in the article on the influence of the average thickness of the laminar boundary layer (LBL) on the heat transfer coefficient of the various heat-conducting systems. Different authors at different times established the explicit correlation dependence of the increase in heat transfer coefficients with a decrease in the average thickness of the LBL. The average thickness of the LBL according to the literature data was reduced in the various ways (using electric or magnetic field for the flow of the liquid, using the nanoparticles in the flow and various of the metallic spiral inserts, etc.). Applying the similarity theory and using dimensionless Euler, Froude and Reynolds numbers in the LBL, and also applying a new surface number, we previously derived the formula for the calculation of the average thickness of the LBL, which in this paper is used to the calculation the overall heat transfer coefficient of the shell-and-tube heat exchanger. We brought out new number of the turbulent thermal conductivity in the LBL transitional zone by the dimensional analysis method. The relations have also been obtained for the calculating of the transitional viscosity and of the transitional thermal conductivity in the transitional zone of the LBL. The article provides the examples the calculation of the shell-and-tube heat exchanger using the classical method and the proposed formulas. The calculation of the resistance of the LBL and the turbulent zones of the refrigerant flows is carried out the taking into account the coefficients of the turbulent thermal conductivity, as well as the coefficients of the surface tension of the liquids. We proposed the calculation of the shell-and-tube heat exchanger using of the refrigerant with an optimum concentration of the propylene glycol in the water (47%). The increase of the overall heat transfer coefficient of the heat exchanger is about 10%.
INTRODUCTION
The energy efficiency of the economy of the modern European and the other countries of the world is one of the most important integral indicators of their success. A low indicator of the energy efficiency of the production in a particular country indicates also problems of the economy, environmental and health care [1] . The energy efficiency of the economy largely depends on the possibility of the intensification and optimization of heat exchange processes in the food, processing, pharmaceutical and other industries. In turn, the indicator of the energy efficiency depends on how intensively and optimally the heat exchange equipment operates at a particular enterprise, since the energy losses in this sphere are the most significant. The efficiency of the normalized heat exchangers depends on how correctly and optimally they are chosen at the certain production sites, and what heat carriers are used in them. The heat exchangers that are not optimally selected will always work with a surplus of the thermal energy, and this in the volumes of a country's enterprises imposes a heavy burden on the cost of production.
It is generally known that heat exchangers are calculated from the condition when the heat-carrier in it moves under a developed turbulent regime, where the Reynolds number is about Re = 15.000 [2] . Also, the efficiency of heat transfer in heat exchangers largely depends on the behavior of the laminar boundary layer (LBL) at the solid-liquid interface (the wall surface of the heat exchanger -heat transfer fluid), which, according to the results of the work Quadrio, Maurizio аnd Ricco, Pierre [3] (2011) largely determines the behavior of the turbulent core of the flow. In the work Iype, E. et al. [4] (2012) the molecular-dynamic modeling of the water flow between two platinum plates accurately predicts the formation of a surface monolayer, where thermal jumps occur at the platinum-water interface, which create significant heat-conducting resistances. This surface monolayer of water molecules differs in structure from structure in volume, and it is simply related to the existence of a surface where surface forces act.
We argue [5] (2017) that a strong field of surface tension forces acts on the solid-liquid interface, which keeps fluid flow with the formation of LBL. Based on the forces analysis in the elementary volume of liquid in LBL, we derived a formula (1) for calculating the average thickness LBL, where the coefficient of surface tension of the coolant and the hydrophilicity of the wetting surface appear [5] . 
It is noteworthy that many researchers in their works by various methods influence the behavior of LBL in heat exchange systems, in particular in heat exchangers, in order to reduce their total thermal resistance. Currently, there are many ways to intensify heat exchange in heat-exchange equipment. Moghanlou et al. [6] (2007) proposed to impose an electric field on the flow of liquid, which led to an increase in the heat transfer coefficient. Simultaneously, they argued that the electric field reduced the average thickness of LBL or partially destroyed it [6] . Elbashbeshy, E.M.A., et al. [7] (2011) proposed to apply a magnetic field to the liquid flow, which resulted in a decrease in the average thickness of LBL with an increase in the overall heat transfer coefficient.
Rahmana M. M. and Aziz A. (2012) [8] achieved a reduction in the average thickness of LBL and, a significant increase in heat transfer coefficients due to the introduction of nanoparticles (TiO2-H2O, AL2O3-H2O, Cu-H2O) into the water flow.
Gulshan K.S. et al. [9] (2017) and Haridas et al. [10] (2015) also introduced AL2O3-H2O and SiO2-H2O nanoparticles into the water flow and obtained a decrease in the average thickness of LBL and a significant increase in heat transfer coefficients (66.5 % on average).
Sha et al. [11] (2017) added Fe3O4 nanoparticles to water and simultaneously applied a magnetic field to the liquid flow, which significantly reduced the average thickness of LBL, and as a result -increased the heat transfer coefficient.
Rafiee S. E. et al. [12] (2015) investigated the effect of metallic spiral-like inserts on the coefficients of heat transfer in a vortex tube, the presence of which, apparently, also reduced the average thickness of the LBL. In addition, Dipankar De. and others. [13] (2017) suggest the use of metal spiral inserts as structural elements in shell-and-tube heat exchangers for a significant increase in heat transfer coefficients. The authors [13] sought the optimal angles of attack of metal inserts in order to optimize the increase in the heat transfer coefficient in the shell-and-tube heat exchanger with a minimum increase in its hydraulic resistance.
In works [6] [7] [8] [9] [10] [11] [12] [13] , the general and key factor is that the average thickness of the LBL is responsible for the overall heat transfer coefficient of the entire system, regardless of the way of reducing this thickness (applying an electric or magnetic field on the liquid flow or using nanoparticles or mechanical spiral inserts and etc.).
Some surfactants (SAS) were used Satya V. et al. [14] , Ammerman C. N, et al. [15] , Ying et al. [16] to increase the heat transfer coefficients of various heat exchange systems. However, the authors of these studies did not explain these improvements, taking into account changes in the average thickness of the LBL arising at the interfaces (solid-liquid, liquid-liquid). However, it is generally known that SAS significantly reduces the coefficients of surface tension of water and other liquids in concentrations close to critical concentrations of micelles (CCM).
It should be noted that all the activities undertaken by researchers to increase the overall heat transfer coefficients of various heat exchange systems run into difficulties in theoretical calculations of heat exchange equipment, since classical exponential empirical equations using Nusselt and Prandtl numbers change, acquiring rather cumbersomes forms. When using any method of increasing the heat transfer coefficient of heat exchangers, it is necessary to again calculate the constants and exponents of the degrees of such equations. These equations are not available for the calculation of heat exchangers with other methods of lowering the thermal resistance. This can be seen most clearly in the work of P. Sivashanmugam [17] . When using different nanofluids in coolants, the Nusselt numbers acquire a rather complex form, since they depend on a variety of factors (the amount of nanoparticles in the coolant, their size, the particle material, the thermal physical characteristics of the base fluid, etc.). These difficulties in the calculation of heat exchangers are indicated by a number of authors, for example V. Gnielinski [18] , who proposes to use the Prandtl theory (1944), based on momentum transfer in turbulent heat carrier flows, instead of the Nusselt equations (1909) .
Based on the literary analysis, in this work we set ourselves the following tasks:
-check the efficiency of the previously proposed formula for calculating the average thickness of LBL in the pipes and shell of the shell-and-tube heat exchanger [5] ;
-propose a new formula for calculating the overall heat transfer coefficients in shell-and-tube heat exchangers, taking into account the average thickness of LBL in the pipes and in the space between the pipes and taking into account turbulent thermal conductivities in the turbulent zones of heat carriers; -propose a new method for calculating heat exchange equipment based on the use of the thermal conductivity of LBL and the turbulent thermal conductivity of the zones of turbulent flow of the coolant;
-to propose a dimensionless number for determining the efficiency of the operation of liquid heat transfer media in heat exchange equipment, as well as new formulas for calculating transitional viscosity and transitional thermal conductivity in the transitional zones LBL of liquid coolants.
RESULTS

A new equation for calculating the overall heat transfer coefficient of the shell-and-tube heat exchanger
The process of heat transfer will be considered in the example of heating milk in a shell-and-tube heat exchanger. In this case, cold milk is put into pipes of radius rc. Hot water is put into the shell space with an equivalent radius rh ( Figure  1 ).
The overall heat transfer coefficient of the shell-and-tube heat exchangers is calculated from the well-known equation (2):
In this case, the convection coefficients hh and hc are calculated from the known equations for the turbulent motion of liquids in tubes or shells from known equations (3) and (4), respectively [2] , which carry a huge array of experimental data from many authors. 
It is obvious that the turbulent core of the flow of hot water in the intertubular space has the maximum velocity and, accordingly, the maximum thermal energy that is transferred to the turbulent core of the cold milk flow. In this case, the heat moves along the chain, passing respectively all the zones of the hot and cold coolant and is transmitted by means of the thermal conductivities of the corresponding zones (kturb.h, ktrans.h, kw, ktrans.c, kturb.c) (Figure 1 ). The thermal conductivity of the zones is, of course, different, since the velocity of the coolant in the center of the pipes is maximal, and near the wall it is minimal. However, in equations (3) and (4), in all Nusselt and Prandtl numbers, the molecular thermal conductivity of a stationary fluid appears, which is a two order of magnitude smaller than the turbulent one. Fluid viscosity in the Reynolds number is a two order of magnitude smaller than the turbulent viscosity. In addition, the Reynolds number includes the averaged velocity of the flow. All these discrepancies are hidden by the similarity theory and exponential numerical equations (3, 4) , where the constants and fractional exponents are calculated experimentally.
The formula derived by us (1) contains the coefficient of the surface tension of the heat carrier and the hydrophilicity of the wetting surface and, in our opinion, are the reflection of such studies by independent authors: -LBL, namely its average thickness, can significantly affect the overall thermal resistance of the heat exchange system [9, 19] ; -the thermal resistance depends on the coefficient of surface tension of the refrigerant [15] ; -the intensity of heat exchange depends on the hydrophilicity or hydrophobicity of the wetting surface [20] .
Proceeding from the fact that the thermal resistance of the zones depends on the corresponding thermal conductivities and average thicknesses of these zones, we can write the equation of the overall heat transfer coefficient in the form (5) . Instead of the convection coefficients hh and hc in the scheme and in formula (5), we used the thermal conductivites and average thickness of all the listed heat exchange zones (Figure 1) .
The concept of turbulent viscosity and thermal conductivity was introduced by Joseph Boussinesq's. The fruitfulness of his heritage is shown in the work of Olivier Darrigol (2017) [21] .
Derivation of equations for calculating the transitionаl viscosity and thermal conductivity in a LBL
The derivation of equation of the calculation for transient thermal conductivity in the LBL zone was carried out by the method of analysis of the main dimensions of thermal physical quantities, which is considered effective for optimizing the physicochemical processes of various heat and mass exchange systems.
We have proved that the LBL has a powerful field of surface tension forces, so transient thermal conductivity in the LBL zone depends on such basic factors -the coefficient of surface tension and dynamic viscosity, specific heat of the coolant and can be represented as a function of the exponential (6):
We represent all the thermal physical quantities through the basic dimensions of physical quantities -mass, linear size, time [kg, m, s].
We write the exponential equation in the form of an equation of dimensions.
Starting from the equation of dimensions, we can write such a system of equations for exponents: 
We express powers in one unknown degree of X, group all the terms, and obtain equation (7):
Then the right side of the equation is transformed for the transition zone LBL in the form (8) .
In equation (7) to the left of the equality sign we obtained the dimensionless Prandtl number in the transitional zone LBL, and to the right -a dimensionless number, named by us the turbulent thermal conductivity number in the transitional zone LBL. Based on the works of Reichardt H., Ludwieg H. [22, 23, 24] and others, the Prandtl number in the transitional zone of LBL is one. The numerator of the left side of equation (7) is responsible for the transfer of velocity pulses in the cross section of the pipeline, the denominator is responsible for transferring the amount of heat. When the left side of the equation is equal to one, then and the right-hand side is equal to one. The index X = 1 and the constant B = 1. Taking into account the hydrophilicity of the surface, equation (8) is transformed into equation (9) . 
In the turbulent flow zone, a turbulent viscosity appears in the middle of the pipeline at so-called free turbulence, which can be calculated from equation (10) 
It should be assumed that in the immediate vicinity of the pipe wall the viscosity of the liquid is equal to the dynamic (table) viscosity to which we are accustomed. When removed from the wall, the surface tension forces decrease and in the transitional zone LBL they are approximately equal to the product of frictional forces in LBL and cohesion forces ( Figure 1 ). With further distance from the wall, the transitional viscosity becomes turbulent viscosity and significantly increases from classical dynamic viscosity. The transitional viscosity in the transitional zone LBL, taking into account the relation (9), should be calculated from the formula (11). It should be noted that when measuring the dynamic viscosity, for example, with the Arrhenius device, the liquid flows through the capillary to form a laminar flow. By doing so, we measure the viscosity, which is substantially increased by the surface forces of the capillary. However, this is not viscosity, which is responsible for frictional forces between the elementary layers of liquid, for example, in the middle of the laminar flow in the pipe.
For the main thermal physical characteristics of water and some other liquids used as coolants, as a function of temperature in Table 1 (Addition), we calculated the values of the transitional viscosity from formula (11), as well as the transitional thermal conductivity according to formula (12) , and the value of the turbulent thermal conductivity (criterion) number in the LBL transitional zone by formula (9) . (12) At temperature of about 20 °C, water passes through the line (marked in Table 1 . Addition) when the value of the turbulent thermal conductivity number (Bl), calculated by the formula (9) , is approximately equal to unity. For aqueous solutions of 36 % ethylene glycol and 25 % propylene glycol, this transition line is about 80 °C ( Addition) . At other temperatures they do not coincide. At a temperature below the red line, the transitional viscosity is less than the classical (tabular) viscosity, since the influence of surface tension forces is very significant. At temperatures above red line, the transitional viscosity already becomes more classical (tabular), since the influence of the surface tension forces weakens, the effect of friction forces increases and in the transitional zone the influence of flow turbulence on the transitional viscosity already exists (Table 1 . Addition).
It should be assumed that the existence of a transition zone in LBL is a unique balance between surface forces, cohesion and friction forces in LBL.
The transitional viscosity in the LBL transitional zone should be calculated from formula (11) . When calculating the transient thermal conductivity and transitional viscosity in the transitional zone at temperatures different from 20 °C, we must use formulas (12) and (11) . In the transitional zone LBL, the product of the cohesion and friction forces divided by the surface tension forces is approximately equal to one. When the temperature of the liquid increases, the cohesion forces are weakened and as a result of the surface tension forces and friction forces decrease (Table 1. Addition). We noticed such transition lines in other liquids, for example, solutions of ethyl alcohol in water of different concentrations, solutions of sugar in water, etc.
CALCULATION OF THE SHELL-AND-TUBE HEAT EXCHANGER
Thermal calculation of the shell-and-tube heat exchanger to the classical method
To confirm the proposed equations, we calculated and selected a normalized shell-and-tube heat exchanger in accordance with the classical method. 
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The mean logarithmic temperature difference is:
, , (4) 
 − thermal resistance of contaminants. 
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It should be noted that in all the experimental studies listed in the literature, primarily Reichardt H. and Ludwieg H., [22, 23] note that in the transition zone of the LBL the turbulent Prandtl number is always Prturb.(trans)=1; or very close to it. It seems to us that it depends on the accuracy of the experiment, and they are carried out by Reichardt H. and Ludwieg H. [22, 23] very carefully. Moreover, the equations deduced by our method of dimensional analysis also indicate that the Prturb.(trans) =1 in the transition zone of the LBL. In the middle of the turbulent flow (in the middle of the pipeline) the Prturb = 2; or very close to it. For average calculations, the ratio of the pulse coefficients A  and the heat coefficients Aq in the middle of the pipeline Schlichting H. advises taking the average value between 2 and 1, i.e. We got the same heat exchanger as in the classic calculation. This calculation was performed taking into account LBL and turbulent thermal conductivities of coolant flows. The classical calculation is based on numerical equations that carry huge experimental material, and the proposed calculation uses experimental data from the works of Reichardt H., Ludwieg H. and Schlichting H. and others. The coincidence error is less than 0,05 %.
The novelty of our calculation method is manifested primarily in the fact that in calculating the overall heat transfer coefficient of the heat exchanger, we used not the Nusselt number, but the values of the thermal conductivity and the average thickness of the individual heat exchange zones (Figure 1 ). In the heat exchange zones, the LBL zone is identified separately, where a new formula (1) is used to calculate the average thickness of LBL and new formulas (9, 11, 12) are used to calculate the mean transitional thermal conductivities of these LBL zones taking into account the coefficients of surface tension of heat carriers. In addition, the values of the turbulent thermal conductivities of the turbulent heat exchange zones are calculated, taking into account formula (10) . It seems to us that the new method is more compact, especially when calculating heat exchangers with multicomponent heat carriers, for example, when using nanofluids.
Calculation of the shell-and-tube heat exchanger by the new method when using surfactants in heat carriers
In the new coolant, the propylene glycol additive to water in the concentrations of 47% was selected from the following conditions:
-the use of propylene glycol is considered safe for the production of food products and medicines. Based on propylene glycol, oral and injectable medications such as diazepam and lorazepam are created; -the properties of propylene glycol make it possible to use it in anti-icing fluids for airplanes and antifreezes for automobiles, in air conditioning, ventilation and heating systems in residential buildings, in food cooling systems and other heat exchange equipment; -this fluid has an optimal ratio of the most important thermal physical characteristics over a wide range of operating temperatures (Table 1 Addition); -this liquid is not volatile, that is prematurely it does not evaporate from the aqueous solution, in contrast to solutions of different alcohols;
-the optimal thermal physical characteristics at optimal Reynolds numbers for turbulent thermal conductivity are in propylene glycol with a concentration of 47 % in water.
-as a surfactant to milk, pumpkin oil was used in concentration of 0.5 % [5] .
Changes in the thermal physical characteristics of heat carriers and the overall heat transfer coefficient of the shell-and-tube heat exchanger under the influence of additives of optimal concentrations are given in Table 2 (Addition). The overall heat transfer coefficient of the heat exchanger is increased nearly on 10 %: 860.5 788.7 100 % 10 % 788.7   .
CONCLUSIONS
1. The formulas derived by us (1, 9, 11, 12) confirm the studies of authors on the dependence of the overall heat transfer coefficient of heat exchangers on such basic factors:
-LBL, namely its average thickness, can significantly affect the overall thermal resistance of the heat exchange system [9, 19] ;
-the thermal resistance depends on the coefficient of surface tension of the refrigerant [15] ; -the intensity of heat exchange depends on the hydrophilicity or hydrophobicity of the wetting surface [20] .
2. We proposed and tested the formula, for calculating the overall heat transfer coefficient in five different normalized shell-and-tube heat exchangers, which includes the thermal resistances LBL on both sides of the boundary metal wall and the thermal resistances of the turbulent zones of the carrier flows.
3. The new method for calculating and selecting heat exchangers is proposed, based on the use of formulas that determine the average thicknesses of LBL on both sides of the boundary metal wall, taking into account the thermal resistances of the turbulent zones of the coolant. The example of such a calculation is given.
4. The similar result for the selection of an optimal normalized heat exchanger was obtained by the classical and proposed method. The error was less 0,023 %. The maximum effect is manifested in the propylene glycol refrigerant with a concentration of 47 % in water.
5. Formulas for calculation of transitional viscosity and transitional thermal conductivity in the LBL transitional zone have been obtained and tested. The increase in the overall heat transfer coefficient of heat exchangers depends not only on the average thickness of the LBL, but also on the optimum ratio of thermal physical values of the refrigerants.
6. The existence of a transition zone in LBL is a unique balance between surface forces, cohesion and friction forces in LBL.
7. We obtained a dimensionless complex-a number that shows the ratio of friction forces and intermolecular interaction forces to surface tension forces at a given coolant temperature. We designated it as (Bl). Thus, this number shows the possibility of maximum heat transfer in conditions of turbulent thermal conductivity of heat carriers and heat transfer through LBL under given temperature conditions at optimum Reynolds numbers.
8. The new method is more compact, especially when calculating heat exchangers with multicomponent heat carriers, for example, with nanofluids. 
